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METHOD FOR PRODUCING "*F-LABELED
COMPOUND AND HIGH MOLECULAR
COMPOUND TO BE USED IN THE METHOD

TECHNICAL FIELD

The present invention relates to a method for producing an
!8F_labeled compound and a high molecular compound to be
used in the production method.

A quick and simple production method is required for the
'8F nmuclide because it has a half-life of only about 2 hours.
The production method of the present invention allows quick
and simple purification of an object because a precursor com-
pound to be labeled immobilized in a high molecular com-
pound is removed from the high molecular compound by the
labeling with '®F. Furthermore, it is possible to produce the
13F labeled compound more efficiently because the reactivity
is improved by containing both the precursor compound to be
labeled and a crown ether in the high molecular compound.

BACKGROUND ART

In the PET inspection used for the diagnosis of diseases
such as cancer, **F-labeled compounds are used as a probe.
The *®F-labeled compounds are produced, for example, by
the following liquid phase synthesis method, solid phase syn-
thesis method, and the like.

Liquid phase synthesis method: A precursor compound to
be labeled (a compound to be labeled) is allowed to react with
avery small amount of *®F ions. As a result, a reaction product
contains excess unreacted precursor compound to be labeled,
thus requiring a very large amount of effort for the purifica-
tion of an object compound. Furthermore, in order to over-
come the low reactivity of fluoride ions, a highly reactive
precursor compound to be labeled, that is, a low-stability
precursor compound to be labeled is used in many cases.

Solid phase synthesis method: A precursor compound to be
labeled immobilized on a solid phase is used, and only a
reaction product is removed in a solution, thereby making the
separation of the unreacted product and the reaction product
easy (Patent Literature 1, Patent Literature 2, and Non Patent
Literature 1). This method is expected to be an effective
technique of facilitating the purification of a compound.
However, a precursor compound to be labeled immobilized
on a solid phase generally has a reduced reactivity. Further-
more, the immobilization on a solid phase reduces volume
efficiency and increases the amount of solvent required, thus
making it difficult to keep the concentration of fluoride ions at
a high level. For this reason, although the purity of the com-
pound obtained is high, it is difficult to obtain a sufficient
amount of product. Such a problem of a solid phase synthesis
method is pointed out also in Romain Bejot et al., Angew.
Chem. Int. Ed. 2009, 48, pp. 586-589 (from the second line
from the bottom of the left column to the third line of the right
column on page 586).

CITATION LIST

Patent Literature

Patent Literature 1: National Publication of International
Patent Application No. 2006-510706

Patent Literature 2: National Publication of International
Patent Application No. 2007-500688
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Non Patent Literature

Non Patent Literature 1: Lynda J. Brown et al., Angew. Chem.
Int. Ed. 2007, 46, pp. 941-944

SUMMARY OF INVENTION
Technical Problem

An object of the present invention is to provide a means to
solve the problems of conventional methods for producing an
18F_labeled compound, that is, the problem of purification of
a compound in a liquid phase synthesis method and the prob-
lem of an insufficient yield due to the reduction of reactivity
in a solid phase synthesis method.

Solution to Problem

Inthe solid phase synthesis method as described above, the
immobilized precursor compound to be labeled and fluoride
ions are allowed to react with each other in the presence of a
crown ether (a phase transfer catalyst) (for example, Example
2 (vi) of Patent Literature 1 and Example 22 of Patent Litera-
ture 2). The present inventor has found that the reactivity of a
precursor compound to be labeled with fluoride ions is sig-
nificantly improved by immobilizing the crown ether on a
high molecular compound together with the precursor com-
pound to be labeled. The crown ether immobilized on a high
molecular compound is generally predicted to have a lower
reactivity as a catalyst than a crown ether in a free state.
Consequently, it was not at all able to predict at the applica-
tion of the present invention that immobilization of a crown
ether on a high molecular compound improves the reactivity
of a precursor compound to be labeled with fluoride ions.

The present invention has been completed based on the
above findings.

Specifically, the present invention provides the following
(D) to (10).

(1) A method for producing an '®F-labeled compound,
comprising: allowing a high molecular compound containing
aresidue of a precursor compound to be labeled and a residue
of a phase transfer catalyst in the molecule thereof to react
with **F~; and removing the '*F-labeled compound from the
high molecular compound.

(2) The method for producing an ‘*F-labeled compound
according to (1), wherein the high molecular compound is a
high molecular compound obtained by copolymerization of a
monomer containing a residue of a precursor compound to be
labeled and a monomer containing a residue of a phase trans-
fer catalyst.

(3) The method for producing an '*F-labeled compound
according to (2), wherein the monomer containing a residue
of a precursor compound to be labeled is a monomer repre-
sented by the following formula (I):

CH,—C—CH-L'-S0,—X D

wherein L' represents a linker, and X represents a residue of
a precursor compound to be labeled; and the monomer con-
taining a residue of a phase transfer catalyst is a monomer
represented by the following formula (II):

CH,—C—CH-L>-Y (In)

wherein L represents a linker, and Y represents a residue of a
phase transfer catalyst.

(4) The method for producing an ‘*F-labeled compound
according to any one of (1) to (3), wherein the high molecular
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compound is a high molecular compound comprising struc-
tural units represented by the following formulas (Ia), (Ib),
(Ila), and (IIb):

[Formula 1]

(la)
CH,

—C—CH—

(11a)

(Ib)

(ITb)
—CH,—CH—

CH

5
|

Y

wherein L' and L? each represent a linker; X represents a
residue of a precursor compound to be labeled; and Y repre-
sents a residue of a phase transfer catalyst.

(5) The method for producing an '*F-labeled compound
according to any one of (1) to (4), wherein the phase transfer
catalyst is Kryptofix [2,2,2], 12-crown-4, 15-crown-5,
18-crown-6, benzo-12-crown-4, benzo-15-crown-5, or
benzo-18-crown-6.

(6) The method for producing an '*F-labeled compound
according to any one of (1) to (5), wherein the precursor
compound to be labeled is a compound represented by the
following formula (A) or (B):

[Formula 2]
@)
R!—CH,—OH
®)
R2
CH—OH
R3

wherein R', R? and R? each represent any group.

(7) The method for producing an '*F-labeled compound
according to any one of claims 1 to 6, wherein the **F-labeled
compound is 2-'*F-fluoro-2-deoxy-D-glucose, 2-'*F-fluoro-
2-deoxy-D-mannose, 3-'®F-fluoro-3-deoxy-D-glucose,
O-(2-[**F]fluoroethyl)-L-tyrosine, 3'-[*®F]-fluoro-3'-deox-
ythymidine, 16c.-[**F]-fluoro-17p-estradiol, or [**F]-fluo-
romisonidazole.
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(8) A high molecular compound comprising structural
units represented by the following formulas (Ia), (a), (1la),
and (IIb):

[Formula 3]

(a)
CH,

—C—CH—

(11a)

(Ib)

(ITb)
—CH,—CH—

CH

5
|

Y

wherein L' and L? each represent a linker; X represents a
residue of a precursor compound to be labeled; and Y repre-
sents a residue of a phase transfer catalyst.

(9) The high molecular compound according to (8),
wherein the phase transfer catalyst is Kryptofix [2,2,2],
12-crown-4, 15-crown-5, 18-crown-6, benzo-12-crown-4,
benzo-15-crown-5, or benzo-18-crown-6.

(10) The high molecular compound according to (8) or (9),
wherein the precursor compound to be labeled is a compound
represented by the following formula (A) or (B):

[Formula 4]

@)
R!—CH,—OH

®)

wherein R', R, and R? each represent any group.
Advantageous Effects of Invention

The present invention has, for example, the following
effects.

1) A labeled compound is easily separated and purified from
a precursor compound to be labeled and a phase transfer
catalyst because only the labeled compound is removed
from a high molecular compound.
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2) The volume efficiency is about the same as in the case
where a conventional precursor compound to be labeled
soluble in a solvent is used because a high molecular com-
pound is constructed from a precursor compound to be
labeled and a phase transfer catalyst.

3) Reactivity is higher than in the case where the reaction is
performed using a conventional precursor compound to be
labeled soluble in a solvent. Therefore, it is possible to
perform efficient fluorination using a precursor compound
to be labeled which is more stable than conventional one.

BRIEF DESCRIPTION OF DRAWING

FIG.11is a PET image of the head of a mouse into which an
[*®F]3-FDG solution is poured.

DESCRIPTION OF EMBODIMENTS

Hereinafter, the present invention will be described in
detail.

The method for producing an **F-labeled compound of the
present invention comprises: allowing a high molecular com-
pound containing a residue of a precursor compound to be
labeled and a residue of a phase transfer catalyst in the mol-
ecule thereof'to react with ' 8F~; and removing the **F-labeled
compound from the high molecular compound.

An '®F-labeled compound as an object to be produced is
not particularly limited, but since the '*F-labeled compound
is mainly used as a probe for the diagnosis of diseases by PET,
sugar, amino acid, and the like which are used as the probe for
PET can be an object to be produced. Specifically, 2-**F-
fluoro-2-deoxy-D-glucose,  2-'*F-fluoro-2-deoxy-D-man-
nose, 3-'°*F-fluoro-3-deoxy-D-glucose, O-(2-['®F]fluoroet-
hyl)-L-tyrosine, 3'-[**F]-fluoro-3'-deoxythymidine, 160
[*®F]-fluoro-17p-estradiol, [*®F]-fluoromisonidazole, and
the like can be an object to be produced. Further, PET is used
not only for the diagnosis of diseases but for knowing the
pharmacokinetics of a drug, and therefore, such a drug may be
an object to be produced. As described above, the method for
producing an '®F-labeled compound of the present invention
has a feature in that the labeled compound is easily purified,
and this feature is suitable for the production of an **F-labeled
drug. This is because when a compound to be labeled with **F
is a compound which is present in a large amount in the body
such as sugar and amino acid, a problem will hardly occur
even if the labeled compound is administered in an unpurified
state; however, when a compound to be labeled with '*F is a
drug, a problem will occur that if the drug is administered in
an unpurified state, an accurate pharmacokinetics of the drug
cannot be grasped because an unlabeled compound will pre-
vent the bonding or the like of the labeled compound.

A precursor compound to be labeled is not particularly
limited as long as it is a compound removed from a high
molecular compound in a form labeled with ‘F by the reac-
tion with '®F~. A compound represented by the following (A)
or (B) is present as a residue represented by the following
(A-1) or (B-1) in a high molecular compound, and is removed
from the high molecular compound as a compound repre-
sented by the following (A-2) or (B-2) by the reaction with
'8E-, Consequently, the compound represented by the follow-
ing (A) or (B) can be used as a precursor compound to be
labeled.
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[Formula 5]
A)
R!—CH,—0OH
(A1)
R!—CH,—0—
(A-2)
R!—CH,—%F
, B
R
CH—OH
R3
(B-1)
RZ
CH—O—
/
R3
(B-2)
RZ
CH—'$F
/
R3

In the formulas, R*, R?, and R? each represent any group.

R', R?, and R? each may be any group as described above,
but if these groups contain a hydroxy group, '°F can be
introduced into the hydroxy group. Consequently, when a
hydroxy group is contained in R, R?, and R?, it is preferably
protected by a suitable protective group.

Examples of suitable precursor compounds to be labeled
include
1,3.4,6-tetra-O-acetyl-p-D-mannopyranose and 2-(trimeth-

ylsilyl)ethyl 4,6-isopropylidene-O-3-(ethoxyethyl)-man-

noside which are labeling precursors of 2-'*F-fluoro-2-
deoxy-D-glucose,
1,2,5,6-di-O-isopropylidene-a-D-allofuranose which is a
labeling precursor of 3-'*F-fluoro-3-deoxy-D-glucose,
2-(trimethylsilyl)ethyl 4,6-ethylidene-3-O-(ethoxyethyl)

-glucoside which is a precursor of 2-'*F-fluoro-2-deoxy-D

-mannose, O-(2-hydroxyethyl)-N-trityl-L-tyrosine tert-

butyl ester which is a precursor of O-(2-[**F]fluoroethyl)-

L-tyrosine, 3-N-Boc-5'-O  -dimethyltrityl-thymidine

which is a precursor of 3'-[*®F]-fluoro-3'-deoxythymidine,

3-O-methoxymethyl-16-O  -(ethoxyethyl)-16-epiestriol
which is a precursor of 16a.-[**F]-fluoro-17p-estradiol,
and
1-(2'-nitro-1'-imidazoyl)-2-O-tetrahydropyranyloxy-1-pro-
panol which is a precursor of [**F]-flucromisonidazole.

A phase transfer catalyst may be a compound which can
catch a counter cation and can activate a counter anion ‘*F,
and, for example, a crown ether can be used. Specific
examples of crown ether include Kryptofix [2,2,2],
12-crown-4, 15-crown-5, 18-crown-6, benzo-12-crown-4,
benzo-15-crown-5, and benzo-18-crown-6. A phase transfer
catalyst to be used may be determined depending on the type
of a counter cation of a fluoride ion used for reaction. For
example, when the counter cation is a potassium ion, it is
preferred to use Kryptofix [2,2,2], 18-crown-6, benzo-18-
crown-6, and the like; and when the counter cation is a sodium
ion, it is preferred to use 15-crown-5, benzo-15-crown-5, and
the like.

The high molecular compound containing a residue of a
precursor compound to be labeled and a residue of a phase
transfer catalyst in the molecule thereof is obtained, for
example, by copolymerization of a monomer containing a
residue of a precursor compound to be labeled and a monomer
containing a residue of a phase transfer catalyst.
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The monomer containing a residue of a precursor com-
pound to be labeled and the monomer containing a residue of
a phase transfer catalyst are not particularly limited, but
examples of the former include a monomer represented by the
following formula (I) and examples of the latter include a
monomer represented by the following formula (II).

@

(In the formula, L' represents a linker, and X represents a
residue of a precursor compound to be labeled.)

CH,—=C=CH-1.}-S0,—X

CH,—C—CH-L%-Y (1)

(In the formula, L? represents a linker, and Y represents a
residue of a phase transfer catalyst.)

A method for allowing the monomers represented by for-
mulas (I) and (II) to copolymerize with each other to produce
a high molecular compound is described in known literatures
(for example, 1) Macromolecules 1994, 27, 4413. and 2)
Taguchi, M.; Tomita, 1.; Endo, T., Angew. Chem. Int. Ed.
2000,39,3667.), and a person skilled in the art will be able to
easily produce the target high molecular compound from
these literatures.

The high molecular compound obtained by copolymeriza-
tion of monomers represented by formula (I) and formula (IT)
comprises structural units represented by the following for-
mulas (Ia), (Ib), (Ila), and (I1Ib):

[Formula 6]

o (Ia)
2
Il
—C—CH—
!
1
X
(11a)
i
—C—CH—
]
Y
Tb
—CHZ—ﬁH— )
cH
!
L
X
(ITb)
—CH,—CH—
cH
!
Y

wherein L' and L? each represent a linker; X represents a
residue of a precursor compound to be labeled; and Y repre-
sents a residue of a phase transfer catalyst.

L' and L* in the above formulas are not particularly limited
as long as they are linkers which can hold the distance
between the main chain of a high molecular compound and a
reactive site. Specific examples include linkers which consist
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8

of'one or more groups selected from the group consisting of 0
to 4 aryl groups (suitably phenyl), an alkyl group having 1 to
6 carbon atoms, a fluoroalkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, and a
fluoroalkoxy group having 1 to 6 carbon atoms and suitably
contain 1 to 4 functional groups such as a sulfonyl group, an
amide group, or a sulfonamide group. Furthermore, these
linkers are described in known literatures (for example,
National Publication of International Patent Application No.
2006-510706 and National Publication of International
Patent Application No. 2007-500688), and a person skilled in
the art can select a suitable linker based on these literatures.

Examples of suitable L' and I? include, but are not limited
to, linkers represented by the following formula (III) and
(IV), respectively:

[Formula 7]
e8]
F
F
F
F F
O F
NH
F
F
¢}
av)
NH
e}

When only the monomers represented by formula (I) and
(II) are copolymerized, a linear high molecular compound
will be produced, but the high molecular compound may be a
network high molecular compound by adding a different
structural unit to these structural units and producing
crosslinking. Examples of the different structural unit for
forming the network high molecular compound include a
structural unit represented by the following formula (V):

[Formula 8]
V)

C//\/\/\C
P =

It is predicted that the solubility of the high molecular com-
pound in a solvent is reduced by converting the high molecu-
lar compound into a network state from a linear state. This
will facilitate the isolation of the removed '*F-labeled com-
pound.

A functional group may be added to the high molecular
compound in order to facilitate the separation thereof from a
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solvent or the like. Examples of the functional group to be
added include a long chain alkyl group and a perfluoroalkyl
group.

Further, the high molecular compound may be supported
by a solid phase insoluble in a solvent. Thereby, the isolation
of the removed '®F-labeled compound will probably be
easier.

The molecular weight of the high molecular compound is,
but not particularly limited to, preferably 500 to 50,000,000,
more preferably 5,000 to 5,000,000, further preferably
50,000 to 500,000.

The number of the residue of the precursor compound to be
labeled contained in the high molecular compound is, but not
particularly limited to, preferably 50 to 50,000, more prefer-
ably 50 to 5,000, further preferably 50 to 500.

The number of the residue of the phase transfer catalyst
contained in the high molecular compound is, but not limited
to, preferably 50 to 50,000, more preferably 50 to 5,000,
further preferably 50 to 500.

The ratio of the number of the residue of the precursor
compound to be labeled to the number of the residue of the
phase transfer catalyst in the high molecular compound is not
particularly limited, but the ratio of the former to the latter is
preferably 1000:1 to 1:1000, more preferably 100:1 to 1:100,
further preferably 10:1 to 10:1.

The reaction of the high molecular compound and **F~ can
be performed by allowing the high molecular compound and
a salt containing fluoride ions to be present together in a
suitable solvent. Examples of the salt containing fluoride ions
include LiF, KF, NaF, and CsF. Examples of the solvent
include acetonitrile, propionitrile, dimethylformamide, dim-
ethyl sulfoxide, ethanol, butanol, dioxane, water, and a mixed
solvent thereof. The concentration of the high molecular
compound in a solvent is, but not particularly limited to,
preferably 0.1 to 1000 mg/ml., more preferably 1 to 100
mg/mL, further preferably 10 to 100 mg/mL. The concentra-
tion of the salt containing fluoride ions in a solvent is also not
particularly limited, but it is preferably 1 pM to 1 M, more
preferably 100 pM to 1 mM, further preferably 1 pM to 1 uM.

The temperature during the reaction of the high molecular
compound with *®F~ is, but not particularly limited to, pref-
erably 0 to 200° C., more preferably 50 to 150° C., further
preferably 80 to 100° C.

The time required for the reaction of the high molecular
compound with *®F~ is, but not particularly limited to, pref-
erably 0.1 to 30 minutes, more preferably 1 to 15 minutes,
further preferably 5 to 10 minutes.

Purification of the *#F-labeled compound from the reaction
product can be performed in accordance with conventional
methods, such as chromatography and filtration. The purified
'8F_labeled compound can optionally be subjected to depro-
tection or the like to produce an object compound.

EXAMPLES

The present invention will be described in further detail
below with reference to Examples.
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10
Example 1

Production of 3-FDG
Example 1-1

Synthesis of
1,2,5,6-di-O-isopropylidene-a-D-allofuranose

[Formula 9]

o)
><o
OH
-0

1) TEMPO, KBr
NaOClag.
CH,Cly/NaHCO3aq.
0°C,1h

2) NaBH,, EtOH
0° C., 30 min
61% in 2 steps

>

O,

g

y

To a solution of 1,2,5,6-di-O-isopropylidene-a.-D -gluco-
furanose (5.02 g, 19.2 mmol, 1.00 eq.) in a mixture of dry
methylene chloride (30.0 mL) and saturated sodium bicar-
bonate water (3.00 mL), were added a catalytic amount of
TEMPO, KBr, and an aqueous NaOCl solution (30.0 mL) at
0° C. The mixture was allowed to react at the same tempera-
ture for 1 hour and then the resulting reaction solution was
poured into 1 N hydrochloric acid with ice-cooling. The aque-
ous phase was extracted twice with ethyl acetate, and then the
organic phase was washed with 1 N hydrochloric acid, satu-
rated sodium bicarbonate water, and a saturated salt solution,
and finally dried over magnesium sulfate. The solvent was
removed under reduced pressure to obtain a crude product.
The obtained crude product was used for the next reaction as
it is.

HO

To a solution (30.0 mL) of the crude product in ethanol, was
gradually added sodium borohydride (1.09 g, 28.8 mmol,
1.50 eq.) with ice-cooling. The mixture was stirred for 30
minutes at room temperature, and then the reaction solution
was poured into a saturated aqueous ammonium chloride
solution. The aqueous phase was extracted twice with ethyl
acetate, and then the organic phase was washed with a satu-
rated aqueous ammonium chloride solution, saturated
sodium bicarbonate water, and a saturated salt solution, and
finally dried over magnesium sulfate. The solvent was
removed under reduced pressure to obtain a crude product.
The obtained crude product was purified by silica gel column
chromatography (eluent: hexane:ethyl acetate=6:4) to obtain
1,2,5,6-di -O-isopropylidene-a.-D-allofuranose as shown
below (3.05 g, 11.7 mmol, 61% in 2 steps).
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[Formula 10]
O
O,

HO O

OY

Furthermore, the analysis results of the obtained com-
pound were as follows.

[a]5® 39.3° (c=1.05, CHCLy); '"H NMR (400 MHz,
CDCl,) 8 5.83 (d, 1H, H-1, J, ,=3.9 Hz), 4.62 (dd, 1H, H-2,
J,,=3.9 Hz, 1, ,=5.3 Hz), 431 (ddd, 1H, H-3, J, ;=5.3 Hz,
1,487 Hz, J; 5,782 Hz), 4.00-4.11 (m, 3H, H-4, H-5,
H-6a), 3.82 (dd, 1H, H-6b, I 5,=4.8 Hz, I, ;,=9.2 Hz), 2.58
(d,1H,0H, J; ,,~8.2Hz),1.58 (s, 3H, Me), 1.47 (s, 3H, Me),
139 (s, 3H, Me), 1.38 (s, 3H, Me); 13C NMR (100 MHz,
CDCl,) 8 (112.6, 109.7 isopropylidene), (103.7 anomeric),
79.5, 78.9, 75.4, 72.3, 65.6, 26.4, 26.1, 25.1; FT-IR (neat)

3483, 1375, 1216, 1061, 870 (cm™'); HRMS (ESI-TOF)
Calcd for [M+Na]*, found

Example 1-2

Synthesis of 1,2,5,6-di-O-isopropylidene-3-O-(5-
iodooctafluoro-3-oxapentanesulfonyl)-a-D -allofura-

nose
[Formula 11]
0
>< o
0
O, +
HO N\~
N LF
\\S/ F
= F
0 F
F F
5 ol KHMDS
I THF
0°C,15h
F F 85%
0
>< o

0

O O

o
/\\ " F OA‘/
Z F
0 F
F F
0
F I
F F
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12

To a solution of 1,2,5,6-di-O-isopropylidene-a-D -allo-
furanose (781 mg, 3.00 mmol, 1.00 eq.) in dry THF (10.0
ml), was added KHMDS (0.5 M THF solution, 6.80 mL, 3.60
mmol, 1.20 eq.) with ice-cooling in an argon atmosphere, and
the mixture was stirred at the same temperature for 30 min-
utes. To the resulting solution was dropwise added 5-iodooc-
tafluoro-3-oxapentanesulfonyl fluoride (1.40 g, 3.30 mmol,
1.10 eq.) over 30 minutes. The mixture was stirred for further
15 minutes at the same temperature, and then the reaction
solution was poured into saturated sodium bicarbonate water.
The aqueous phase was extracted twice with ethyl acetate,
and then the organic phase was washed with saturated sodium
bicarbonate water and a saturated salt solution, and finally
dried over magnesium sulfate. The solvent was removed
under reduced pressure to obtain a crude product. The
obtained crude product was purified by silica gel column
chromatography (eluent: hexane:ethyl acetate=92:8) to
obtain 1,2,5,6-di-O-isopropylidene-3-O-(5-iodooctafluoro-
3-oxapentanesulfonyl)-a-D-allofuranose as shown below
(1.70 g, 2.55 mmol, 85%).

e

[Formula 12]

\ O
/
0 F
F F
F 0 I
F T
Example 1-3

Synthesis of 1,2,5,6-di-O-isopropylidene-3-O-(9-
carbonyl-3-oxa-1,1,2,2.4.4,5,5-octatluoro-7-iodo-6-
nonenesulfonyl)-a.-D-allofuranose

[Formula 13]

NayS;04,
NaHCO;

—_—
CH;CN/
L0
2h,
87%

o OH
0 ﬂo
O/S%_k (1.5eq.)
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-continued

To a solution of 1,2,5,6-di-O-isopropylidene-3-O-(5-io-
dooctafluoro-3-oxapentanesulfonyl)-a-D-allofuranose (1.58
g, 2.37 mmol, 1.00 eq.) and 4-pentynoic acid (349 mg, 3.56
mmol, 1.50 eq.) in a mixture of acetonitrile (12.0 mL) and
water (12.0 mL), were added Na,S,0, (619 mg, 3.56 mmol,
1.50 eq.) and NaHCO,; (299 mg, 3.56 mmol, 1.50 eq.) atroom
temperature. The mixture was allowed to react at room tem-
perature for 2 hours, and then the resulting reaction solution
was poured into water. The aqueous phase was extracted
twice with ethyl acetate, and then the organic phase was
washed with saturated sodium bicarbonate water and a satu-
rated salt solution, and finally dried over magnesium sulfate.
The solvent was removed under reduced pressure to obtain a
crude product. The obtained crude product was purified by
silica gel column chromatography (eluent: chloroform:
methanol=99:1) to obtain 1,2,5,6-di-O-isopropylidene-3-O-
(9-carbonyl-3-oxa-1,1,2,2,4,4,5,5-octatfluoro-7-i0odo-6-
nonenesulfonyl) -a-D-allofuranose as shown below (1.55 g,
2.03 mmol, 87%).

[Formula 14]
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Example 1-4

Synthesis of 1,2,5,6-di-O-isopropylidene-3-O-(9-
carbonyl-3-oxa-1,1,2,2.4.4,5,5-octafluorononenane-
sulfonyl)-a.-D-allofuranose

[Formula 15]
e}
>< o
e}
O O
\\S /O F o] o H,, Pd/C,
O/ F NaHCO3
F —_—
F MeOH/H,0
F e} 0 18 h, 95%
F F
e}
>< o
e}
O O
O
/\\ s~ F © OH
o% F
F
F F
F e} ¢}
F F

To a solution of 1,2,5,6-di-O-isopropylidene-3-O-(9-car-
bonyl-3-oxa-1,1,2,2.4.4,5,5-octafluoro-7-iodo-6-nonene-
sulfonyl)-a.-D-allofuranose (221 mg, 289 umol, 1.00 eq.) ina
mixture of methanol (1.40 mL.) and water (1.40 mL), were
added saturated sodium bicarbonate water (72.8 mg, 867
umol, 3.00 eq.) and Pd/C (110 mg). The resulting solution
was stirred in a hydrogen atmosphere for 18 hours. Then, the
reaction solution was filtered, and the filtrate was poured into
water. The aqueous phase was extracted twice with ethyl
acetate, and then the organic phase was washed with saturated
sodium bicarbonate water and a saturated salt solution, and
finally dried over magnesium sulfate. The solvent was
removed under reduced pressure to obtain a crude product.
The obtained crude product was purified by silica gel column
chromatography (eluent: chloroform:methanol=99:1) to
obtain 1,2,5,6-di -O-isopropylidene-3-O-(9-carbonyl-3-oxa-
1,1,2,2.,4.4,5,5-octafluorononenanesulfonyl)-a-D-allofura-
nose as shown below (175 mg, 273 umol, 95%).

[Formula 16]

o
o
o
\ 0
o
/\\s/ F Y
z F
o F
. F

F o 0

O,
OH
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Example 1-5

Synthesis of N-(5,6-heptadiene)phthalimide

[Formula 17]
PhthN,
\/\/\

HCHO, CuBr, Pr,NH
1,4-dioxane

120°C.,5h
61%

PhthN\/\/\/

To a solution of N-(5-hexyne)naphthalimide (7.10 g, 31.2
mmol, 1.00 eq.) in 1,4-dioxane (62.0 mL), were added
paraformaldehyde (1.88 g, 62.5 mmol, 2.00 eq.), copper bro-
mide (1.57 g, 10.9 mmol, 0.350 eq.), and diisopropylamine
(8.82 mL, 62.5 mmol, 2.00 eq.), and they were allowed to
react with each other at 120° C. for 5 hours. Then, the reaction
solution was filtered, and the filtrate was poured into water.
The aqueous phase was extracted twice with ethyl acetate,
and then the organic phase was washed with 1 N aqueous
hydrochloric acid solution, saturated sodium bicarbonate
water, and a saturated salt solution, and finally dried over
magnesium sulfate. The solvent was removed under reduced
pressure to obtain a crude product. The obtained crude prod-
uct was purified by silica gel column chromatography (elu-
ent: hexane:ethyl acetate=90:10) to obtain N-(5,6-heptadi-
ene)phthalimide as shown below (4.65 g, 19.3 mmol, 61%).

[Formula 18]

O,

Oﬁ/
F

F

F
F F

o O
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Example 1-6

Synthesis of 1-amino-5,6-heptadiene

[Formula 19]
H,NNH,+H,0
R———

MeOH

thNM
70°C.,2h
HZN\/\/\/

To a solution of N-(5,6-heptadiene)phthalimide (4.65 g,
19.3 mmol, 1.00 eq.) in methanol (40.0 mlL.), was added
H,NNH,.H,0 (1.93 mL,, 38.5 mmol, 2.00 eq.), and they were
allowed to react with each other at 70° C. for 2 hours. Sub-
sequently, the reaction system was converted to an alkaline
form with an aqueous concentrated sodium hydroxide solu-
tion and then extracted with methylene chloride to thereby
obtain an object, 1-amino-5,6-heptadiene as shown below
(1.81 g, 16.3 mmol, crude yield 85%).

[Formula 20]
HZN\/e\/C\/
f d b
Example 1-7
Synthesis of Sugar Allene Monomer
[Formula 21]

OH HZN\/\/\/
HATU, DIEA
DMAP, CH,CL,
40 min, 89%
o
0
0
o 0 o)
\s/ F 0 NH
0% F
F
F F
F 0 o)
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To a solution of 1,2,5,6-di-O-isopropylidene-3-O-(9-car-
bonyl-3-oxa-1,1,2,2.4.4,5,5-octafluorononenanesulfonyl)-
a-D-allofuranose (674 mg, 1.05 mmol, 1.00 eq.) and
1-amino-5,6-heptadiene (351 mg, 3.16 mmol, 3.00 eq.) in a
dry methylene chloride solvent (1.00 mL.), were added HATU
(600 mg, 1.58 mmol, 1.50 eq.), diisopropylethylamine (272
ul, 1.58 mmol, 1.50 eq.), and a catalytic amount of N,N-
dimethylamino pyridine at room temperature. The mixture
was stirred at room temperature for 40 minutes, and the reac-
tion solution was filtered. The resulting filtrate was concen-
trated, and the resulting residue was purified by silica gel
column chromatography (eluent: hexane:ethyl acetate=80:
20) to obtain a sugar allene monomer as shown below (685
mg, 0.934 mmol, 89%).

10

15

18

To a solution of 4-carboxybenzo-18-crown-6 (32.3 mg,
90.6 umol, 1.00 eq.) and 1-amino-5,6-heptadiene (30.2 mg,
272 numol, 3.00 eq.) in a dry methylene chloride solvent (1.00
mL), were added HATU (51.7 mg, 136 pmol, 1.50 eq.), diiso-
propylethylamine (23.4 pl, 136 umol, 1.50 eq.), and a cata-
Iytic amount of N,N-dimethylaminopyridine at room tem-
perature. The mixture is stirred at room temperature for 40
minutes, and the reaction solution is filtered. The resulting
filtrate was concentrated, and the resulting residue was puri-
fied by silica gel column chromatography (eluent: chloro-
form:methanol=95:5) to obtain a crown ether allene mono-

mer as shown below (39.3 mg, 64.3 umol, 71%).

[Formula 22] . [Formula 24]
20
0 J
g f
O k
25 " / \ e
O [¢] !
(@] h : . .
O O n
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O/ F F P (@] O
F F \_/ \
F o e} v - c ’
35
F F
Example 1-9
Example 1-8 40
Synthesis of Crown Ether Allene Monomer Synthesis of Copolymer
[Formula 23]
(@] (@] d %
> HZN\/\/\/ >
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HATU, DIEA
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To a mixed solution of a toluene solution of 0.10 M bis(1,
5-cyclooctadiene)nickel (73.5 ul, 0.735 pmol, 0.0500 eq.)
and a toluene solution of 1.0 M allyl trifluoroacetate (11.8 ulL,
1.18 umol, 0.0800 eq.), were added a sugar allene monomer
(108 mg, 14.7 pmol, 1.00 eq.) and a crown ether allene mono- 5
mer (66.0 mg, 14.7 umol, 1.00 eq.) which were dissolved in a
methanol solution (0.500 mL) in a nitrogen atmosphere. The
mixture was allowed to react for 7 days, and then the resulting
reaction solution was diluted with hexane to allow a purified
product to be precipitated. The resulting precipitate was fil- 10
tered to thereby obtain the target copolymer (154 mg, 13.0
umol, 89%).

Example 1-10
15
Fluorine Addition Reaction (1)

24
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A copolymer was subjected to fluorine addition reaction by
adding KF so that KF might be 5.0 equivalents to the copoly-
mer.

The copolymer (10.6 mg, 9.39 umol, 1.00 eq.) synthesized
in Example 9 was dissolved in acetonitrile (100 uL.). To the
solution was added KF (2.73 mg, 47.0 umol, 5.00 eq.). The
resulting solution was allowed to react at 95° C. for 30 min-
utes. The reaction solution was concentrated and then purified
by silica gel column chromatography to obtain 3-deoxy-3-
fluoro-1,2,5,6-di-O-isopropylidene-a-D-glucofuranose
(1.20 mg, 4.58 pumol). The yield was 58%.

Example 1-11

Fluorine Addition Reaction (2)

A copolymer was subjected to fluorine addition reaction by
adding KF so that KF might be 1.0 equivalent to the copoly-
mer.

The copolymer (24.3 mg, 21.3 umol, 1.00 eq.) synthesized
in Example 9 was dissolved in acetonitrile (200 uL.). To the
solution was added KF (1.23 mg, 21.3 umol, 1.00 eq.). The
resulting solution was allowed to react at 95° C. for 30 min-
utes. The reaction solution was concentrated and then purified
by silica gel column chromatography to obtain 3-deoxy-3-
fluoro-1,2,5,6-di-O-isopropylidene-a-D-glucofuranose
(1.70 mg, 8.09 umol). The yield was 38%.

(@]
O O
O\S/ F 0 NH
o? F
F
F F
¥ (@] (@]
F F
(1.0eq.)
+
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Example 1-12

Fluorine Addition Reaction (3)

A copolymer was subjected to fluorine addition reaction by
adding KF so that KF might be 0.5 equivalent to the copoly-
mer.

The copolymer (30.5 mg, 25.1 pmol, 2.00 eq.) synthesized
in Example 9 was dissolved in acetonitrile (250 uL.). To the
solution was added KF (0.730 mg, 12.5 umol, 1.00 eq.). The
resulting solution was allowed to react at 95° C. for 30 min-
utes. The reaction solution was concentrated and then purified
by silica gel column chromatography to obtain 3-deoxy-3-
fluoro-1,2,5,6-di-O-isopropylidene-a-D-glucofuranose
(1.50 mg, 5.78 mmol). The yield was 46%.

Example 1-13
Fluorine Addition Reaction (4)

The copolymer (17.1 mg, 14.5 pmol, 1.00 eq.) synthesized
in Example 9 was dissolved in acetonitrile (235 uL.). To the
solution was added KF (2.30 mg, 39.2 pmol, 2.70 eq.). The
resulting solution was allowed to react at room temperature
for 6 hours. The reaction solution was concentrated and then
purified by silica gel column chromatography to obtain
3-deoxy-3-fluoro-1,2,5,6-di-O-isopropylidene-c.-D-gluco-
furanose (1.60 mg, 6.10 umol). The yield was 44%.

Comparative Example

Fluorine Addition Reaction (5)

[Formula 27]

>

KF (5.0 eq.) .
CI;CN -0
rt,6h



US 9,073,802 B2

30

-continued

29
o O‘>
O 0}
NH
o} O
/ 3
(1.0 eq.)

A sugar allene monomer and a crown ether allene mono-
mer were subjected to fluorine addition reaction, and the
results were compared with the result of fluorine addition
reaction to the copolymer.

The sugar allene monomer (40.3 mg, 55.0 umol, 1.00 eq.)
synthesized in Example 7 and the crown ether allene mono-
mer (24.7 mg, 55.0 umol, 1.00 eq.) synthesized in Example 8
were dissolved in acetonitrile (600 puL). To the solution was
added KF (2.30 mg, 39.2 umol, 2.70 eq.). The resulting solu-
tion was allowed to react at room temperature for 6 hours. The
reaction solution was concentrated and then purified by silica
gel column chromatography to obtain 3-deoxy-3-fluoro-1,2,
5,6-di-O-isopropylidene-a-D-glucofuranose (0.8 mg, 3.1
umol). The yield was 5%.

Example 1-14
Synthesis of [**F]3-FDG

[*®F]3-FDG was synthesized as follows using a PET tracer
synthesizer manufactured by GE Company. ‘®F-ions were
synthesized using a cyclotron and immobilized in a Chroma-
fix column. A potassium carbonate solution (3.0 mg/0.5 ml)
was poured to obtain an aqueous [**F]KF solution (5 GBq) in
the reaction vessel. A solution (1.0 mL) of the copolymer (40
mg) synthesized in Example 9 in acetonitrile was put into the
reaction vessel and maintained at 55 degrees for 2.5 minutes
and at 85 degrees for 3 minutes, and finally concentrated to

1n-BuySnO, tol
fo) 140°C.,3h
ol (0]
HO

_—
then EOMCI, CsF
TBAL DMF
50°C.,3h

0
NN s

OH
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dryness at 60 degrees. Subsequently, thereto was added aceto-
nitrile (1.0 mL), and the resulting mixture was heated at 85
degrees for 5 minutes. The heated mixture was once cooled to
50 degrees, and then maintained at 55 degrees for 50 seconds
and at 105 degrees for 50 seconds, and finally brought to 90
degrees to thereby remove the solvent. To the resulting mix-
ture was added 1 M aqueous hydrochloric acid solution (2 ml)
and heated at 125 degrees for 15 minutes. The heated mixture
was cooled to 50 degrees, and thereto was added 7% aqueous
sodium bicarbonate solution (4.5 mL). The mixture was puri-
fied by passing through a Chromabond V column and finally
passing through a membrane filter (Milipore) to thereby
obtain the target [*®F]3-FDG (1.2 GBq). A one-third solution
of the obtained ['*F]3-FDG (1.2 GBq) was injected into a
mouse, and the behavior was observed. As a result, it was
verified that the target ['®F]3-FDG had been synthesized
based on the verification of its invasion into the brain (FIG. 1).

Example 2
Production of 2-FDG
Example 2-1
Synthesis of 2-FDG Monomer

The synthesis steps of 2-FDG monomer are shown below.

[Formula 28]
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OH (1.1eq.)

NaHMDS, THF
0°C,lh
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[Formula 29]
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[Formula 30]
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Example 2-1-1

Synthesis of 2-trimethylsilylethyl 3-O-ethoxym-
ethyl-4,6-isopylidene-f-D-glucopyranoside

To a solution of 2-trimethylsilylethyl 4,6-isopylidene-f3-D-
glucopyranoside (1.51 g, 4.71 mmol, 1.00 eq.) in dry toluene
(20.0 mL), was added dibutyltin oxide (1.41 g, 5.66 mmol,
1.20 eq.) at room temperature. The mixture was allowed to
react at 140 degrees for 3 hours, and then the solvent was
removed under reduced pressure. The obtained residue was
azeotropically concentrated with the dry toluene, and then
thereto were added ethoxymethyl chloride (630 pl, 6.13
mmol, 1.30 eq.) and cesium fluoride (1.43 g, 9.42 mmol, 2.00
eq.). The mixture was allowed to react at 50 degrees for 3
hours and then poured into 1 M aqueous hydrochloric acid
solution with ice-cooling. The resulting aqueous phase was
extracted with ethyl acetate, and then the organic phase was
washed with 1 M aqueous hydrochloric acid solution, a satu-
rated aqueous sodium bicarbonate solution, and a saturated
salt solution. The resulting organic phase was dried over
magnesium sulfate and then concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (elution solvent: hexane/ethyl
acetate=90:10) to obtain 2-trimethylsilylethyl 3-O-ethoxym-
ethyl-4,6-isopylidene-p-D-glucopyranoside as shown below
(1.05 g, 2.78 mmol, 59%).

Ao

0
0 SN N s

OH

[Formula 31]

Furthermore, the analysis results of the obtained com-
pound were as follows.

[a] > -3.52 (¢ 0.885, CHCL,); '"H NMR (400 MHz,
CDCl,): 0 4.88 (d, 1H, H-a, I,,=6.8 Hz), 4.79 (d, 1H, H-a,
Jgen=6.8 Hz), 439 (d, 1H, H-1, J, ,=7.7 Hz), 3.97 (dt, 1H,

OCH,, Jocm.crms=33 Hz, 1,,,~9.7 Hz), 3.93 (dd, 1H,
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F F F
O\S// F
/]v / F

T™S

H-6a, I ,,~5.3 Hz, J4, 4,=10.6 Hz), 3.79 (dd, 1H, H-6b,
J56,~-10.2Hz,J4, 4,=10.6 Hz),3.78 (t, 1H,H-3,J, =], ,=8.7
Hz), 3.69 (d, 1H, OH, 1, ,,~1.9 Hz), 3.59-3.67 (m, 3H,
OCH,, H-b), 3.51 (1, 1H, H-4, J, ,=J, ;=8.7 Hz), 3.43 (ddd,
1H,H-2,J, ,=7.7Hz, ], 5=8.7Hz, I, ;1.9 Hz), 3.25 (ddd,
1H, H-5, J,5-8.7 Hz, J5 5,=5.3 Hz, I 5,~10.2 Hz), 1.49 (s,
3H, CHy), 1.41 (s, 3H, CHy), 1.24 (1, 3H, H-c, J, =7.3 H2),
0.94-1.12 (m, 2H, CH,Si), 0.020 (s, 9H, SiCH,); ">*C NMR
(100 MHz, CDCly): 8 (102.9, 99.5 anomeric, isopropy-
lidene), 96.3, 82.0, 74.0, 72.4, 67.6, 67.3, 63.9, 62.1, 29.1,
19.0, 18.3,14.9,-1.49; FT-IR (neat): 3460, 1372,1173, 1104,
1032, 860, 838 (cm™'); HRMS (ESI-TOF) Caled for
C,,H;,0, ,F¢S [M+NH,]* 658.1570, found 658.1568.

Example 2-1-2

Synthesis of 2-trimethylsilylethyl 3-O-ethoxym-
ethyl-4,6-isopylidene-f3-D-mannopyranoside

To a solution of 2-trimethylsilylethyl 3-O-ethoxymethyl-
4,6-isopylidene-f-D-glucopyranoside (1.04 g, 2.75 mmol,
1.00 eq.) in dry methylene chloride (15.0 mL), were added
sodium bicarbonate (461 mg, 5.49 mmol, 2.00 eq.) and a
Dess-Martin oxidizing agent (1.75 g, 4.12 mmol, 1.50 eq.) at
room temperature. The mixture was allowed to react at room
temperature for 10 hours. Then, to the resulting reaction
solution were added 10% aqueous sodium thiosulfate solu-
tion and saturated sodium bicarbonate with ice-cooling. The
resulting aqueous phase was extracted with ethyl acetate, and
then the organic phase was washed with 10% aqueous sodium
thiosulfate solution, saturated sodium bicarbonate, and a
saturated salt solution. The resulting organic phase was dried
over magnesium sulfate and then concentrated under reduced
pressure. The resulting residue was used for the next reaction.

To a solution of the residue in ethanol (28 mL), was added
sodium borohydride (156 mg, 4.12 mmol, 1.50 eq.) with
ice-cooling. The mixture was allowed to react for 15 minutes
with ice-cooling and then poured into 1 M aqueous hydro-
chloric acid solution with ice-cooling. The aqueous phase
was extracted with ethyl acetate solvent, and then the organic
phase was washed with 1 M hydrochloric acid, a saturated
aqueous sodium bicarbonate solution, and a saturated salt
solution. The resulting organic phase was dried over magne-
sium sulfate and then concentrated under reduced pressure.
The resulting residue was purified by silica gel column chro-
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matography (elution solvent: hexane/ethyl acetate=75:25) to
obtain 2-trimethylsilylethyl 3-O-ethoxymethyl-4,6-isopy-
lidene-f-D-mannopyranoside as shown below (760 mg, 2.09
mmol, 76%).

)TO OH
ol -0
O

o—/
_/

c b

[Formula 32]

o
" nus

Furthermore, the analysis results of the obtained com-
pound were as follows.

[a]p** -22.8 (¢ 0.775, CHCL,); '"H NMR (400 MHz,
CDCl,): 0 4.87 (d, 1H, H-a, I,,.=7.3 Hz), 4.81 (d, 1H, H-a,
Jeem=13 Hz), 4.53 (br-s, 1H, H-1), 4.09 (br-d, 1H, H-2,
J3-54 Hz), 408 (dd, 1H, H-4, J; ,~10.2 Hz, ], =9.7 Hz),
4.01 (dt, 1H, OCH,, Joca comns=7.7 H2, 1., =9.2 Hz), 3.91
(dd, 1H, H-6a, J5 ;,=5.8 Hz, s, 5,=10.6 Hz), 3.86 (dd, 1H,
H-6b, J5 4,=10.2 Hz, J 4, 5,~10.6 Hz), 3.58-3.70 (m, 4H, H-3,
OCH,, H-b), 3.20 (ddd, 1H, H-5, 1, 5=9.7 Hz, J5 4,~5.8 Hz,
JI5.6,=10.2 Hz), 1.50 (s, 3H, CH,), 1.40 (s, 3H, CH,), 1.21 1,
3H, H-c, I, .=7.3 Hz), 1.00 (t, 2H, CH,Si, Jp o comsi=7-7
Hz), 0.020 (s, 9H, SiCH,); >*C NMR (100 MHz, CDCL,): §
(99.6, 99.5 anomeric, isopropylidene), 94.5, 75.4, 70.5, 69.8,
67.8, 67.1, 63.2, 61.9, 29.0, 19.0, 18.0, 14.9, -1.62; FT-IR
(neat): 3501, 1381, 1250, 1094, 1035, 862, 838 (cm™);
HRMS (ESI-TOF) Caled for C,;H;,0,,F,S [M+NH,]*
658.1570, found 658.1568.

Example 2-1-3

Synthesis of 2-trimethylsilylethyl 3-O-ethoxym-
ethyl-4,6-isopylidene-2-O-(5-iodooctafluoro-3-oxap-
entanesulphonyl-f-D-mannopyranoside)

To a solution of 3-O-ethoxymethyl-4,6-isopylidene-3-D-
mannopyranoside (750 mg, 1.98 mmol, 1.00 eq.) in dry THF,
were added NaHMDS (2.60 mL, 2.58 mmol, 1.30 eq., 1.0 M
in THF solution) with ice-cooling. The mixture was further
stirred for 30 minutes, and then thereto was dropwise added
S-iodooctafluoro-3-oxapentanesulphonyl fluoride (1.00 g,
2.38 mmol, 1.20 eq.). The mixture was stirred for 30 minutes
and then poured into 1 M hydrochloric acid with ice-cooling.
The aqueous phase was extracted with ethyl acetate, and then
the organic phase was washed with 1 M hydrochloric acid, a
saturated aqueous sodium bicarbonate solution, and a satu-
rated salt solution. The resulting organic phase was dried over
magnesium sulfate and then concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (elution solvent: hexane/ethyl
acetate-90:10) to obtain 2-trimethylsilylethyl 3-O-ethoxym-
ethyl-4,6-isopylidene-2-O-(5-iodooctafluoro-3-oxapentane-
sulfonyl-p-D-mannopyranoside as shownbelow (1.40 g, 1.78
mmol, 90%).
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[Formula 33]

Al
ot
=

¢ 4 T™S

Furthermore, the analysis results of the obtained com-
pound were as follows.

[a],** -31.2 (¢ 1.06, CHCL); 'H NMR (400 MHz,
CDCl,): 0 5.07 (br-d, 1H, H-2,J, 5=2.9 Hz), 4.80 (d, 1H, H-a,
Jeem=0.8 Hz),4.72 (d, 1H, H-a, ], =6.8 Hz), 4.63 (br-s, 1H,
H-1),3.94 (dt, 1H, OCH,, J o cprn cms=7-7 H2, 1., =9.7 H2),
3.94 (dd, 1H, H-6a, J5 5,~5.8 Hz, Js, ,=9.7 Hz), 3.93 (dd,
1H, H-3, 1,,=2.9 Hz, J,,=9.7 Hz), 3.92 (t, 1H, H-6b,
Js65Joasr=9.7 Hz), 386 (dd, 1H, H-4, J,,=9.7 Hz,
J45=10.2Hz),3.56-3.73 (m, 3H, OCH,, H-b), 3.24 (ddd, 1H,
H-5,1,5=10.2 Hz, J; ;,=5.8 Hz, J; ,=9.7 Hz), 1.50 (s, 3H,
CH,), 1.39 (s, 3H, CH,), 1.24 (t, 3H, H-c, ], 6.8 Hz),
0.94-1.12 (m, 2H, CH,Si), 0.014 (s, 9H, SiCH,); ">*C NMR
(100 MHz, CDCl;): 8 (99.9, 97.5 anomeric, isopropylidene),
93.8,84.1,71.5,70.0, 68.5,67.7, 63.6,61.8,29.0, 19.1, 17.9,
14.9, -1.55; **F NMR (373 MHz, CDCl,): § 10.7, -6.43,
-10.0, =38.0; FT-IR (neat): 1731, 1415, 1296, 1199, 1150,
1120, 917, 863, 765 (cm™); HRMS (ESI-TOF) Calcd for
C,,H;,NO, ,SiSF,; [M+NH,]* 802.0820, found 802.0825.

Example 2-1-4

Synthesis of 2-trimethylsilylethyl 3-O-ethoxym-
ethyl-4,6-isopylidene-2-O-(9-carboxyl 3-oxa-1,1,2,2,
4.4,5,5-octafluoro-7-iodo-6-nonenesulfonyl-f-D-
mannopyranoside)

To a solution of 2-trimethylsilylethyl 3-O-ethoxymethyl-
4,6-isopylidene-2-O-(5-iodooctafluoro-3-oxapentanesulfo-
nyl-p-D-mannopyranoside (545 mg, 695 umol, 1.00 eq.) and
4-pentynoic acid (102 mg, 1.04 mmol, 1.50 eq.) in CH,CN
(6.00 mL) and H,O (6.00 mL), were added sodium bicarbon-
ate (87.4 mg, 1.04 mmol, 1.50 eq.) and sodium thiosulfate
Na,S,0, (181 mg, 1.04 mmol, 1.50 eq.), and the resulting
mixture was allowed to react at room temperature for 1.5
hours. The resulting reaction solution was poured into water,
and the organic phase was extracted with ethyl acetate. The
resulting organic phase was washed with saturated sodium
bicarbonate and a saturated salt solution. The washed organic
phase was dried over magnesium sulfate and then concen-
trated under reduced pressure. The resulting residue was puri-
fied by silica gel column chromatography (elution solvent:
chloroform/methanol=99:1) to obtain 2-trimethylsilylethyl
3-0O-ethoxymethyl-4,6-isopylidene-2-O-(9-carboxyl 3-oxa-
1,1,2,2.,4.4,5,5-octafluoro-7-iodo-6-nonenesulfonyl--D-
mannopyranoside as shown below (530 mg, 601 pmol, 86%).
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Furthermore, the analysis results of the obtained com-
pound were as follows.

"HNMR (400 MHz, CDCl,): 8 6.38 (t, 11, H-d, ], -~14.2
Hz), 5.07 (brd, 1H, H-2, J,;=2.9 Hz), 4.81 (d, 1H, H-a,
Jeem=13 Hz),4.74 (d, 1H, H-a, 1, =7.3 Hz), 4.64 (br-s, 1H,
H-1),3.96 (dt, 1H, OCH,, Jo ez coms=7-7 Hz, 1., =9.7 H2),
3.95 (dd, 1H, H-3, ], ;=2.9 Hz, J; ,~9.7 Hz), 3.95 (dd, 1H,
H-6a, J54,=5.8 Hz, Is,6,=9.7 Hz), 3.92 (t, 1H, H-6b,
Js.657Jsa6,=9.7Hz),3.87 (dd, 1H,H-4, ], ,~9.7Hz, ], 5=9.2
Hz), 3.57-3.76 (m, 3H, OCH,, H-b), 3.25 (ddd, 1H, H-5,
145792 Hz, 15 4,~5.8 Hz, I5 5,=9.7 Hz), 3.00 (t, 2H, H-e,
1,/~7.7Hz),2.63 (,2H, H-f, ], ~7.7 Hz), 1.50 (s, 3H, CH,),
1.39(s,3H,CH,), 1.21 (t,3H, H-c, ], .=7.3 Hz), 1.00 (dt, 2H,
CH,Si, Jocwn,cans=1-7 Hz, 1,.,=9.7 Hz), 0.022 (s, 9H,
SiCH,); '°F NMR (373 MHz, CDCl,): 8 -6.43, -12.4, -34.3
(d, J,-=14.2 Hz), -38.1; FT-IR (neat): 3411, 1719, 1641,
1411, 1305, 1117, 1080, 924, 838 (cm™"); HRMS (ESI-TOF)
Caled for C,,H;,NO,,SiSF, [M+NH,]" 802.0820, found
802.0825.

Example 2-1-5

Synthesis of 2-trimethylsilylethyl 3-O-ethoxym-
ethyl-4,6-isopylidene-2-O-(9-carboxyl 3-oxa-1,1,2,2,
4,4,5,5-octafluoro-nonanesulfonyl-f-D-mannopyra-
noside)

To a solution of 2-trimethylsilylethyl 3-O-ethoxymethyl-
4,6-isopylidene-2-O-(9-carboxyl 3-oxa-1,1,2,2.4.4,5,5-0c-
tafluoro-7-iodo-6-nonenesulfonyl-f-D-mannopyranoside
(920 mg, 1.04 mmol, 1.00 eq.) in a mixture of MeOH (10.0
mL) and H,O (4.00 mL), were added sodium bicarbonate
(262 mg, 3.13 mmol, 3.00 eq.) and Pd/C (500 mg). The
mixture was allowed to react in a hydrogen atmosphere for 18
hours. The palladium catalyst was removed by filtration, and
then the reaction solution was poured into water. The aqueous
phase was extracted with ethyl acetate, and then the organic
phase was washed with saturated sodium bicarbonate and a
saturated salt solution. The resulting organic phase was dried
over magnesium sulfate and concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (elution solvent: chloroform/metha-
nol=99:1) to obtain 2-trimethylsilylethyl 3-O-ethoxymethyl-
4,6-isopylidene-2-O-(9-carboxyl 3-oxa-1,1,2,2.4.4,5,5-0c-
tafluoro-nonanesulfonyl-B-D-mannopyranoside as shown
below (767 mg, 990 umol, 95%).
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[Formula 35]
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Furthermore, the analysis results of the obtained com-
pound were as follows.

[a],” =323 (c 0.715, CHCLy); 'H NMR (400 MHz,
CDCl,): 8 5.07 (br-d, 1H, H-2, 1, ;=2.9 Hz), 4.81 (d, 1H, H-a,
Jgen=6.8 Hz),4.75 (d, 1H, H-a, 1_,,,=6.8 Hz), 4.63 (br-s, 1H,
H-1),3.96 (dt, 1H, OCH,, J e o794 Hz, 1., =9.7 H2),
3.93 (dd, 1H, H-3, ], ;=2.9 Hz, J; ,~9.2 Hz), 3.93 (dd, 1H,
H-6a, Js4,=5.8 Hz, J4,4,~-10.2 Hz), 3.92 (t, 1H, H-6b,
Is.6vJ6a6s=102 Hz), 3.87 (dd, 1H, H4, J, =92 Hz,
1,579.7 Hz), 3.57-3.75 (m, 3H, OCH,, H-b), 3.25 (ddd, 1H,
H-5,1,5-9.7 Hz, I 4,~5.8 Hz, 5 4,=10.2 Hz), 2.40 (t, 2H,
H-g, I,,=7.3 Hz), 2.09 (&, 2H, H-d, J,,=7.3 Hz, ], ~18.3
Hz), 1.60-1.76 (m, 4H, H-e, H-), 1.50 (s, 3H, CH,), 1.39 (s,
3H, CH,), 1.21 (t, 3H, H-c, J, .=7.3 Hz), 0.99 (1, 2H, CH,S,,
Jocen,crps=9-4 Hz), 0.015 (s, 9H, SiCH,); "*C NMR (100
MHz, CDCl;): & 178.5, (100.0, 97.5 anomeric, isopropy-
lidene), 93.6, 84.0, 83.9, 71.5, 70.0, 68.4, 67.7, 63.6, 61.8,
33.4, 320, 30.1 (t, Cd, J.,-=22.1 Hz), 28.9, 26.7, 24.0,
19.9,19.0,17.8,14.8, -1.63; '°F NMR (373 MHz, CDCl,): §
-6.73, -12.8, -38.3, —42.8; FT-IR (neat): 1713, 1413, 1179,
1116, 1021, 920, 863 (cm™'); HRMS (ESI-TOF) Calcd for
C,,H;,NO, , SiSF, [M+NH,]* 802.0820, found 802.0825.

Example 2-1-6
Synthesis of 2-FDG Monomer

To a solution of 2-trimethylsilylethyl 3-O-ethoxymethyl-
4,6-isopylidene-2-O-(9-carboxyl 3-oxa-1,1,2,2.4.4,5,5-0c-
tafluoro-nonanesulfonyl-p-D-mannopyranoside (657 mg,
0.866 mmol, and 1.00 eq.) and 1-amino-5,6-heptadiene (144
mg, 1.30 mmol, 1.50 eq.) in dry methylene chloride, were
added HATU (395 mg, 1.04 mmol, 1.20 eq.), diisopropyl-
ethylamine DIEA (270 uL, 1.56 mmol, 1.80 eq.), and a cata-
lytic amount of DMAP at room temperature. The mixture was
allowed to react at room temperature for 20 minutes, and then
insoluble matter was filtered. The filtrate was concentrated
under reduced pressure. The resulting residue was purified by
silica gel column chromatography (elution solvent: chloro-
form/methanol=99:1) to obtain the 2-FDG monomer as
shown below (634 mg, 0.745 mmol, 86%).
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[Formula 36]

Furthermore, the analysis results of the obtained com-
pound were as follows.

[a]p>* =31.0 (¢ 1.00, CHCl,); 'H NMR (400 MHz,
CDCl,): 8 5.48 (br-s, 1H,NH), 5.08 (it, 1H, H-1,J, ~J,,,=6.8
Hz), 5.06 (br-d, 1H, H-2, ], ;=2.4 Hz), 4.80 (d, 1H, H-a,
—0.8 Hz), 4.72 (d, 1H, H-a, I, =6.8 Hz), 4.66 (dt, 2H,
H-m, J,,=6.8 Hz, I, ,=3.9 Hz), 4.63 (br-s, 1H, H-1), 3.95
(ddd, 1H, OCH,, J o3, cas7=8-2 Hz, 1 .., =8.7 Hz), 3.94 (dd,
1H, H-3, 1,,=2.4 Hz, J,,=9.7 Hz), 3.93 (dd, 1H, H-6a,
Js.6.=5.8Hz, 15, 6,=10.2Hz),3.90 (t, 1H, H-6b, J5 4,=9.2 Hz,
Joa65=10.2 Hz), 3.85 (dd, 1H, H-4, I, ,=9.7 Hz, ], ;=10.2
Hz),3.56-3.75 (m, 3H, OCH,, H-b), 3.26 (t, 2H, H-h, J,, =7.3
Hz),3.25(ddd, 1H, H-5, ], s~10.2Hz, J; ¢,~5.8 Hz, I 5,=9.2
Hz),2.18 (11, 2H, H-g, I, .=7.7 Hz), 2.07 (tt, 2H, H-d, ] ; =6.8
Hz, 1,~17.9 Hz), 2.02 (du, 2H, Hk, J, ;=] ~6.8 Hz,
Jin=3.9 Hz), 1.73 (1, 2H, HA, I, =7.3 Hz, ], =6.8 H2),
1.42-1.64 (m,9H,H-e, H-f, H-j, CH;), 1.39 (s, 3H, CH;), 1.20
(t,3H, H-c,J, .=7.3 Hz),0.99 (1, 2H, CH,8i, ] s cr cornsi=8-2
Hz), 0.015 (s, 9H, SiCH,); >*C NMR (100 MHz, CDCl,): §
208.5, 172.0, (99.9, 97.5 anomeric, isopropylidene), 93.8,
89.4,84.1,74.8,71.5,70.0,68.4,67.7,63.5,61.8,39.3,35.9,
300 (t, C-d, Jo 4221 Hz), 29.0, 27.7, 26.2, 24.9, 19.8,
19.0, 17.8, 14.8, -1.62; '°F NMR (373 MHz, CDCl,): 8
-6.68, -12.9, -38.2, -43.0 (t, ], /~17.9 Hz); FT-IR (neat):
1950,1652,1411,1218, 1096, 1021, 920,779 (cm™); HRMS
(ESI-TOF) Calcd for C33H,,NO, ;SiSF [M+H]* 852.3044,
found 852.3059.
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Example 2-2

Synthesis of 2-FDG Copolymer

The synthesis steps of 2-FDG copolymer are shown below.

Formula 37]

<~

[
F F F
F
S
O F
(0] OF
O -Q fo)
EOMO
T™MS
/))HN |

OF,
F

+

(1.0 eq.)

Ni(CODY, (0.05 eq.)
CF3CO,Allyl

_—

MeOH, 12 h
92%

To a mixed solution of a toluene solution 0f 0.10 M bis(1,
5-cyclooctadiene)nickel (120 pl, 12.0 umol, 0.0500 eq.) and
a toluene solution of 1.0 M allyl trifluoroacetate (19.3 ulL,
19.3 umol, 0.0800 eq.), was added a solution of 2-FDG mono-
mer (205 mg, 241 pmol, 1.00 eq.) and a crown ether allene
monomer (103 mg, 133 pmol, 1.00 eq.) in MeOH (0.700 mL.)
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in a nitrogen atmosphere. After verifying reaction completion
by TLC, the reaction solution was diluted with hexane to
precipitate a purified product. The resulting precipitate was
filtered to obtain the 2-FDG copolymer as shown below. (283
mg, 222 umol, 92%, 2-FDG:Crown Ether=1:1.04)

[Formula 38]

74%

42

Furthermore, the analysis results of the obtained com-
pound were as follows.
'"H NMR (400 MHz, CDCl,): 8 7.47 (br-s, 2H, B-b, B-c),
6.75 (br-s, 1H, B-a), 5.19 (br-s, 2H, —C—CH—), 5.05 (br-s,
1H, A-2), 4.77 (brd, 1H, A-a, I.,=7.3 Hz), 4.71 (br-d, 1H,
A-a,l,,,=7.3 Hz), 4.63 (br-s, 1H, A-1), 4.09 (br-s, 4H, B-d,
B-d"), 3.55-3.96 (m, 24H, A-3, A-4, A-6a, A-6b, A-b, OCH,,
B-e, B-¢', B-f, B-f', B-g, B-g', B-h, B-h"), 3.35 (br-s, 2H, B-1),
3.16-3.26 (m, 3H, A-5, A-h), 2.55 (br-s, 4H, —C—CH,—
C—), 2.21 (br-s, 2H, A-g), 1.98 (br-s, 6H, A-d, Ak, B-1),
1.25-1.63 (m, 15H, A-e, A-f, A-i, A-j, B-j, B-k, CH,), 1.17
(br-t, 3H, A-c, J, =6.8 Hz), 0.99 (br-t, 2H, CH,Si, J e,
cr25=8.7 Hz), =0.0093 (s, 9H, SiCH,); '*F NMR (373 Mz,
CDCl,): & -7.53, -13.4, -39.5, —43.4; FT-IR (neat): 3319,
2929, 1644, 1507, 1265, 1121, 758 (cm™").

5
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Example 2-3

5 Removal of 2-FDG

The removal steps of 2-FDG are shown below.

[Formula 39]

KF (1.0 eq.)

—_—
CH;CN

95°C. 15 min

EOM&/

22%

T™S

T™S
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To a solution of the synthesized copolymer (43.6 mg, 33.5
umol, 2.00 eq.) in acetonitrile CH,CN (370 L), was added an
aqueous solution of KF (10.0 ul., 16.7 umol, and 1.00 eq.,
1.67 M in H,O solution), and the mixture was heated at 95
degrees for 15 minutes. The resulting residue was purified by
silica gel column chromatography (elution solvent: hexane/
ethyl acetate=80:20) to obtain 2-trimethylsilylethyl 2-deoxy-
3-0-ethoxymethyl-2-fluoro-4,6-O-isopropylidene-p-D-glu-
copyranoside (4.80 mg, 12.4 umol, 74% based on KF) and
2-trimethylsilylethyl 2-deoxy-3-O-ethoxymethyl-4,6-O-iso-

propylidene-f-D-erythro-hex-2-enepyranoside as shown
below (1.40 mg, 3.90 pmol, 22% based on KF).
[Formula 40]
/%o
(6] Q fo)
(6]
/- s
T™S
[Formula 41]
)VO
a O O O
/—O
(6]
‘ T™S

The analysis results of 2-trimethylsilylethyl 2-deoxy-3-O-
ethoxymethyl-2-fluoro-4,6-O-isopropylidene-f-D-glucopy-
ranoside were as follows.

[a]5'7+50.1 (¢ 0.940, CHCL,); 'H NMR (400 MHz,
CDCl,): 8 4.86 (d, 1H, H-a, I,,=6.8 Hz), 4.79 (d, 1H, H-a,
Jgen=6.8 Hz), 4.53 (dd, 1H, H-1, J, ,=7.7 Hz, I, /~4.4 H2),
4.19 (ddd, 1H, H-2, J, ,=7.7 Hz, ], ;=8.7 Hz, I, ,~49.8 H2),
4.00 (dd, 1H, H-6a, J; 4,=5.3 Hz, I, 5,~10.6 Hz), 3.96 (dt,
LH, OCH,, I o crrnsi=5-8 He, 1, =9.7Hz),3.88 (ddd, 1H,
H-3, 1, ,-8.7 Hz, ], ,=9.2 Hz, ], ,~15.0 Hz), 3.76 (dd, 1H,
H-6b, J54,=10.2 Hz, J4,4,~-10.6 Hz), 3.63-3.69 (m, 3H,
OCH,, H-b), 3.59 (dd, 1H, H-4, J; ,=9.2 Hz, 1, =9.7 Hz),
3.26(ddd, 1H,H-5,1, s=9.7Hz, J5 5,53 Hz, 5 (,=10.2 Hz),
1.48 (s,3H, CH3)140(S 3H, CH3)121(t3HHcJ =6.8
Hz), 0.93-1.09 (m, 2H, CH,Si), 0.022 (s, 9H, SICH3) 13c
NMR (100 MHz, CDCl,): 6 100.8 (d, anomeric, I, ;=24.4
Hz), 99.4 (isopropylidene), 95.1, 92.5 (d, C-2, J-, =187
Hz), 75.6 (d, C-3, J. 4 7190Hz) 72.7(d, C-4, J oy 9.2
Hz), 67.9, 67.2, 632 62.0,29.0,19.0, 18.1, 14.8, -1.45; '°F
NMR (373 MHz, CDCl,): § -123.1 (dd J, 7~49.8 Hz,
I3 7=15.0 Hz); FT-IR (neat): 1380, 1250, 1174, 1096, 858,
756 (cm™"); HRMS (ESI-TOF) Caled for C,,H;,NOGSiF
[M+NH,]* 398.2376, found 398.2374.

The analysis results of 2-trimethylsilylethyl 2-deoxy 3-O-
ethoxymethyl-4,6-O-isopropylidene-[3-D-erythro-hex-2-
enepyranoside were as follows.

[a]p'” +50.1 (¢ 0.940, CHCL,); '"H NMR (400 MHz,
CDCl,): 8 5.38 (br-d, 1H, H-2 J, ,=1.9 Hz), 5.09 (br-s, 2H,
H-a),4.95 (br-s, 1H,H-1),4.46 (br-dt, 1H,H-4,1, ,=], 5,~1.9
Hz, 1,92 Hz), 3.92 (dd, 1H, H-6a, J;,,=6.3 Hz,
Joa.65=10.6 Hz), 3.88 (dt, 1H, OCH,, Joemn crnsi~6-3 Hz,
Jgem 9.7 Hz), 3.86 (t, 1H, H-6b, I5 ;,=,, 5,=10.6 Hz), 3.67
(g, 2H, H-b, J, =73 Hz), 3.60 (ddd, 1H, H-5, J, s=9.2 Hz,
Js6,=6.3 Hz, J54,~10.6 Hz), 3.56 (dt, 1H, OCH,,
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Joct.cs6-3 12,1 4,,=9.7Hz),1.54 (s, 3H, CH,), 1.47 (s,
3H, CH,), 1.21 (t, 3H, H-c, J, 7.3 Hz), 0.95-1.00 (m, 2H,
CH,Si), 0.016 (s, 9H, SiCH,); FT-IR (neat): 1660, 1374,
1217, 1086, 859, 767 (cm™"); HRMS (ESI-TOF) Calcd for
C,,H,,N,0, [M+Nal* 467.2758, found 467.2757.

Example 2-4

Deprotection

The deprotection steps of 2-FDG are shown below.

[Formula 42]
)V 0
o) o} o TFA
EOMO 80° C. 15 min
F 91%
T™S
OH
HO o}
HO
F o

2-trimethylsilylethyl 2-deoxy-3-O-ethoxymethyl-2-
fluoro-4,6-benzylidene-f3-D-glucopyranoside (9.10 mg, 23.9
umol, 1.00 eq.) was allowed to react with TFA (1.00 mL) at 80
degrees for 15 minutes. The reaction solution was concen-
trated under reduced pressure to thereby obtain 2-deoxy-2-
fluoro-o/B-D-glucopyranoside as shown below (4.00 mg,
21.9 umol, 91%, o:p=46:54).

[Formula 43]
OH

HO (6]

HO
T OH

Furthermore, the analysis results of the obtained com-
pound were as follows.

"1 NMR (400 MHz, D,0): & 5.41 (br-d, 1H, H-la,
J,,=3.9 Hz), 4.87 (dd, 1H, H-1B, 1, ,=7.7 Hz, ], ,=2.4 Hz),
439 (ddd, 1H, H-2at,J, ,=3.9 Hz, J, ,=9.7 Hz, 1, ,~51.5 Hz),
4.07 (ddd, 1H, H-2B,J, ,=7.7 Hz,J, ,=9.2 Hz, I, ,=52.5 Hz),
3.93 (ddd, 1H, H-3a., 1, ,=9.7 Hz, I, ,=9.2 Hz, I, ,=15.5 H),
3.90 (br-d, 1H, H-6a, I, 5,~12.1 Hz), 3.83 (dt, 1H, H-50,
J,59.7 Hz, J54,=J54,=5.3 Hz), 3.76 (ddd, 1H, H-3,
J,,=9.2Hz, 1, ,=9.7 Hz, I, ,=15.0 Hz), 3.73 (dd, 1H, H-6a0,
Js.60=53 Hz, T, 5,=12.6 Hz), 3.68 (dd, 1H, H-6bf, J5 5,=5.3
Hz, Js,12.1 Hz), 3.67 (dd, 1H, H-6ba, J5 5,=5.3 Hz,
Joncs—12.6 Hz), 3.41-3.50 (m, 3H, H-4cx, H-4f, H-5p); '°F
NMR (373 MHz, CDCl,): 8 -202.9 (dd, Fa, J, ,=51.5 Hz,
J,4=15.5 Hz), ~203.1 (dd, Fp, J, ,=52.5 Hz, J, ,=15.0 Hz);
FT-IR (neat): 3428, 1670, 1469, 1077, 771, 623, 478 (cm™");
HRMS (ESI-TOF) Caled for C,,Hi;oN,0, [M+Na]*
467.2758, found 467.2757.
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Example 3

Deprotection of 3-FDG

The deprotection steps of 3-FDG are shown below.

[Formula 44]
O
>< o
IM HCI
F o 1,4-dioxane/H,0
- J ————
80° C, 10 min
0, 92%
Oﬁ/
OH
HO o}
F
HO OH

To a solution of 3-deoxy-3-fluoro-1,2,5,6-di-O-isopropy-
lidene-a.-D-glucofuranose (36.0 mg, 137 pmol, 1.00eq.)in a
mixture of 1,4-dioxane (680 pL) and H,O (680 pL), was
added 4 M aqueous hydrochloric acid solution (680 pul). The
mixture was allowed to react at 80 degrees for 10 minutes and
then concentrated under reduced pressure to obtain 3-deoxy-
3-fluoro-a/f-D-glucopyranose as shown below (22.9 mg,
126 umol, 92%, a:p=45:55).

[Formula 45]
OH

HO

HO OH

Furthermore, the analysis results of the obtained com-
pound were as follows.

'"H NMR (400 MHz, D,0): & 5.24 (1, 1H, H-la, I, ,=
J, /3.9 Hz), 4.65 (d, 1H, H-1pB, J, ,~8.2 Hz), 4.58 (dt, 1H,
H-3a, I, 5=]; ,=9.2 Hz J; ;~54.6 Hz), 4.35 (ddd, 1H, H-38,
1,,=9.2 Hz, 1,,=8.7 Hz, I, ,=53.2 Hz), 3.87 (br-d, 1H,
H-6ap, I, 6,=12.6 Hz), 3.85 (dd, 1H, H-6aa, J; ;,=5.3 Hz,
Jsa6p=10.6 Hz), 3.79 (ddd, 1H, H-2a, J, ,=3.9 Hz, J, ;=9.2
Hz, J, 7~15.5 Hz), 3.79 (dd, 1H, H-6ba, J54,=5.3 Hz,
Joa6p=10.6 Hz), 3.79 (dt, 1H, H-5a, J,5=9.7 Hz, JI54,~
I5.65=5.3 Hz),3.76 (dd, 1H, H-6bB, J; ,=5.3 Hz, I5, 5,=12.6
Hz),3.70 (ddd, 1H, H-4a., 15 ,=9.2Hz, ], s=9.7Hz,], ,~14.2
Hz),3.69 (ddd, 1H, H-4pB, J, ,~8.7Hz, ], s=9.7Hz ], ;~14.2
Hz),3.50 (ddd, 1H, H-2B, J, ,=8.2Hz, ], ;=9.2 Hz ], ;~14.2
Hz), 3.45 (dt, 11, H-58, 1, s=9.7 Hz, J5 5,=15 5,=5.3 Hz); *°F
NMR (373 MHz, D,0): 8 -119.7 (ddd, Fa., J, z/~13.5 Hz,
I3 7=54.6 Hz, 1, =14.2 Hz), -124.6 (ddd, Ff, J; .=53.2 Hz,
1, =14 =14.2 Hz); FI-IR (neat): 3261, 1585, 1382, 1041,
684, 516 (cm™"); HRMS (ESI-TOF) Caled for C,,H;oN,0,
[M+Na]* 467.2758, found 467.2757.
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Example 4
Production of 3-FDG Using Solid Phase-Supported
Copolymer
Example 4-1
Synthesis of Linker
The synthesis steps of a linker are shown below.
[Formula 46]
HO\/\/\/\/\ PMBCl, NaH
_—
OH  DMF,o0°C.
2.5h, 58%
TEMPO, KBr
PMBO SN S 2 NaclO
OH  CH,Cly/aq. NaHCO;
2h, 75%
PMBO\/\/\/\/\O /\Mg al
THF, 0° C.
30 min, 71%
F
PMBO DDQ
OH  CHyCly/aq. NaHCO;
5h,93%
TEMPO PIDA
1 A-dioxane/H,O
20 h, 93%
NaBH4, CeCl3+7TH,0
MeOH 0°C.
1h.92%
HO
OH
(6]
Example 4-1-1
Synthesis of 8-((4-methoxybenzyl)oxy)octan-1-ol

The oil attached to 63 wt % sodium hydride (1.14 g, 30.1
mmol, 1.00 eq.) was washed three times with hexane and
removed. Subsequently, thereto were added dry DMF (30.0
ml) and 1,8-octanediol (4.40 g, 30.1 mmol, 1.00 eq.) at O
degrees. The mixture was allowed to react for 5 minutes with
ice-cooling, and then thereto was dropwise added a solution
of PMBCI (4.08 mL, 30.1 mmol, 1.00 eq.) in dry DMF (20.0
mL) over 1 hour. The reaction mixture was allowed to react
for further 1.5 hours and then poured into an aqueous ammo-
nium chloride solution with ice-cooling, and the organic
phase was extracted with ethyl acetate. The resulting organic
phase was washed with 1 M hydrochloric acid, saturated
sodium bicarbonate, and a saturated salt solution. The washed
organic phase was dried over magnesium sulfate and then
concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography (elution
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solvent: hexane/ethyl acetate=75:25) to obtain 8-((4-meth-
oxybenzyl)oxy)octa-1-nol as shown below (4.66 g, 17.5
mmol, 58%).

[Formula 47]
(@)
g e c a
O\/\/\/\/\
OH
n f d b

Furthermore, the analysis results of the obtained com-
pound were as follows.

'H NMR (400 MHz, CDCL,): § 7.26 (d, 2H, aromatic,
J=9.2 Hz), 6.88 (d, 2H, aromatic, ]=9.2 Hz), 4.43 (br-s, 2H,
4-MeOBn), 3.80 (s, 3H, Me), 3.63 (t, 2H, H-h, I, ,=6.8 Hz),
3.43 (t, 2H, H-a, ], ,=6.8 Hz), 1.52-1.63 (m, 4H, H-b, H-g),
1.27-1.39 (m, 8H, H-c, H-d, H-e, H-); **C NMR (100 MHz,
CDCl,): 8 129.2, 113.7, 72.5, 70.1, 63.0, 55.3, 32.7, 29.7,
29.4,29.3,26.1,25.6; FT-IR (neat): 2874, 1598, 1355, 1177,
1098, 923, 664, 555 (cm™); HRMS (ESI-TOF) Calcd for
C,,H;oN,O, [M+Na]* 467.2758, found 467.2757.

Example 4-1-2

Synthesis of 8-((4-methoxybenzyl)oxy)octa-1-nol

To a solution of 8-((4-methoxybenzyl)oxy)octa-1-nol
(4.00 g, 15.0 mmol, 1.00 eq.) in a mixture of methylene
chloride CH,Cl, (22.5 mL) and saturated sodium bicarbonate
(15.0 mL), were added catalytic amount of TEMPO, KBr, and
sodium hypochlorite (30.0 mL) at room temperature. The
mixture was allowed to react at room temperature for 2 hours,
and then thereto were added 10% aqueous sodium thiosulfate
solution and a saturated salt solution. The organic phase was
extracted with ethyl acetate, and then the resulting organic
phase was washed with 10% aqueous sodium thiosulfate
solution, saturated sodium bicarbonate, and a saturated salt
solution. The washed organic phase was dried over magne-
sium sulfate and then concentrated under reduced pressure.
The resulting residue was purified by silica gel column chro-
matography (elution solvent: hexane/ethyl acetate=97:3) to
obtain 8-((4-methoxybenzyl)oxy)octa-1-nal as shown below
(2.98 g, 11.3 mmol, 75%).

[Formula 48]

O
\/\/\/\/\O

Furthermore, the analysis results of the obtained com-
pound were as follows.

"HNMR (400 MHz, CDCL,): 8 7.79 (d, 4H, H-c, ], =8.2
Hz),7.34 (d, 4H,H-b, ], ~8.2Hz),4.15 (t, 4H,H-d, ], =48
Hz), 3.68 (t, 4H, H-e, J,,~4.8 Hz), 3.58-3.60 (m, 12H, H-f,
H-g, H-h), 2.45 (s, 6H, H-a); "*C NMR (100 MHz, CDCl,): §
144.6,132.7,129.6,127.6,70.4,70.3,70.2, 69.1, 68.3, 21.3;
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FT-IR (neat): 2874, 1598, 1355, 1177, 1098, 923, 664, 555
(cm™"); HRMS (BSI-TOF) Calcd for C,,H,,N,O, [M+Na]*
467.2758, found 467.2757.

Example 4-1-3

Synthesis of
10-((4-methoxybenzyl)oxy)-1-decen-3-ol

To a solution of 8-((4-methoxybenzyl)oxy)octa-1-nal
(2.90 g, 11.0 mmol, 1.00 eq.) in dry tetrahydrofuran (22.0
ml), was dropwise added vinylmagnesium chloride (7.54
ml, 12.1 mmol, 1.10 eq., 1.6 M in THF solution) over 20
minutes with ice-cooling. The mixture was allowed to react
for 10 minutes with ice-cooling, and then the resulting reac-
tion solution was poured into a saturated aqueous ammonium
chloride solution. The organic phase was extracted with ethyl
acetate, and then the resulting organic phase was washed with
a saturated aqueous ammonium chloride solution and a satu-
rated salt solution. The washed organic phase was dried over
magnesium sulfate and then concentrated under reduced
pressure. The resulting residue was purified by silica gel
column chromatography (elution solvent: hexane/ethyl
acetate=90:10) to obtain 10-((4-methoxybenzyl)oxy)-1-de-
cen-3-ol as shown below (2.29 g, 7.83 mmol, 71%).

[Formula 49]

Furthermore, the analysis results of the obtained com-
pound were as follows.

'H NMR (400 MHz, CDCl,): d 7.25 (d, 2H, aromatic,
J=8.2 Hz), 6.87 (d, 2H, aromatic, J=8.2 Hz), 5.86 (ddt, 1H,
H-b,J,,~18.4Hz I, ,~11.6 Hz, ], ~6.3 Hz), 5.21 (dd, 1H,
H-a,],,~18.4Hz, ], ,~1.5Hz),5.10(dd, 1H,H-a",J,, ,=11.6
Hz, 1, .,~1.5 Hz), 4.43 (br-s, 2H, 4-MeOBn), 4.09 (q, 1H,
H-, I, =1, ,~6.3 Hz), 3.80 (s, 3H, Me), 3.43 (t, 2H, H-j,
J, =6.8Hz), 1.31-1.61 (m, 12H, H-d, H-e, H-f, H-g, H-h, H-1);
15C NMR (100 MHz, CDCl,): 8 158.9, 141.3, 130.6, 129.1,
114.2, 72.9, 72.3, 70.0, 55.1, 36.9, 29.5, 29.3, 29.2, 26.0,
25.1; FT-IR (neat): 2874, 1598, 1355, 1177, 1098, 923, 664,
555 (cm™); HRMS (ESI-TOF) Caled for C,,H;oN,O,
[M+Na]* 467.2758, found 467.2757.

Example 4-1-4
Synthesis of 1-decene-3,10-diol

To an aqueous solution of 10-((4-methoxybenzyl)oxy)-1-
decene-3-0l (590 mg, 2.02 mmol, 1.00 eq.) in methylene
chloride (20.0 mL) and saturated sodium bicarbonate (10.0
ml), was added DDQ (687 mg, 3.03 mmol, 1.50 eq.) at room
temperature. The mixture was allowed to react at the same
temperature for 5 hours, and then the reaction solution was
poured into 10% aqueous sodium thiosulfate solution. The
organic phase was extracted with ethyl acetate, and then the
resulting organic phase was washed with 10% aqueous
sodium thiosulfate solution, a saturated aqueous sodium
bicarbonate solution, and a saturated salt solution. The
washed organic phase was dried over magnesium sulfate and
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then concentrated under reduced pressure. The resulting resi-
due was purified by silica gel column chromatography (elu-
tion solvent: hexane/ethyl acetate=70:30) to obtain 1-decene-
3,10-diol as shown below (324 mg, 1.88 mmol, 93%).

[Formula 50]

Furthermore, the analysis results of the obtained com-
pound were as follows.

'H NMR (400 MHz, CDCl,): 8 5.86 (ddt, 1H, H-b,
J.»,=17.4Hz,],,,~10.6 Hz,J, ~6.3 Hz), 5.21 (br-d, 1H, H-a,
1,,=17.4Hz),5.09 (dd, 1H, H-a, ], ,=10.6 Hz), 4.08 (q, 1H,
H-c,J, =, 76.3Hz),3.63 (1, 2H, H-j, ], =6.8 Hz),1.32-1.69
(m, 12H, H-d, H-e, H-f, H-g, H-h, H-i); ?*C NMR (100 MHz,
CDCl,): & 141.3, 114.5, 73.2, 63.0, 37.0, 32.7, 29.4, 29.3,
25.6,25.2; FT-IR (neat): 2874, 1598, 1355, 1177, 1098, 923,
664,555 (cm™"); HRMS (ESI-TOF) Caled for C,,H;oN,0,
[M+Na]* 467.2758, found 467.2757.

Example 4-1-5
Synthesis of 8-0x0-9-decenoic acid

To a solution of 1-decene-3,10-diol (920 mg, 5.34 mmol,
1.00 eq.) in 1,4-dioxane (15.0 mL) and H,O (10.0 mL), were
added a catalytic amount of TEMPO and phenyliodine diac-
etate (2.06 g, 6.41 mmol, 1.20 eq.) at room temperature. The
mixture was allowed to react at the same temperature for 20
hours, and then the reaction solution was poured into 1 M
aqueous hydrochloric acid solution and a saturated salt solu-
tion. The organic phase was extracted with chloroform. Then,
the resulting organic phase was dried over magnesium sulfate
and then concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography
(elution solvent: chloroform/methanol=97:3) to obtain
8-0x0-9-decenoic acid as shown below (915 mg, 4.97 mmol,
93%).

[Formula 51]

HO.

Furthermore, the analysis results of the obtained com-
pound were as follows.

'H NMR (400 MHz, CDCl,): & 6.35 (dd, 1H, H-b,
J.»=17.4Hz],,,~-10.6Hz), 6.21 (dd, 1H, H-a, ], ,~17.4 Hz,
Jeem=1.5Hz),5.82(dd, 1H, H-2a", 1, ,=10.2Hz,]_ =15 Hz),
2.58 (t, 2H, H-c, J, ~7.3 Hz), 2.35 (1, 2H, H-h, ], ,=7.3 H2),
1.59-1.68 (m, 4H, H-d, H-g), 1.32-1.38 (m, 4H, H-e, H-1); '*C
NMR (100 MHz, CDCl,):  179.4, 141.1, 114.7,73.2, 36.8,
34.0,29.1, 28.9, 25.0, 24.6; FT-IR (neat): 2874, 1598, 1355,
1177, 1098, 923, 664,555 (cm™"); HRMS (ESI-TOF) Caled
for C,,H;N,O, [M+Na]" 467.2758, found 467.2757.
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Example 4-1-6

Synthesis of 8-hydroxy-9-decenoic acid

To a solution of 8-0x0-9-decenoic acid (910 mg, 4.94
mmol, 1.00 eq.) in MeOH (20.0 mL)), was added CeCl;.7H,O
(2.76 g, 7.41 mmol, 1.50 eq.). The mixture was stirred for 30
minutes with ice-cooling, and then thereto was slowly added
sodium borohydride (224 mg, 5.93 mmol, 1.20 eq.). The
mixture was stirred for 1 hour, and then the reaction solution
was poured into 1 M aqueous hydrochloric acid solution. The
organic phase was extracted with chloroform. Then, the
resulting organic phase was dried over magnesium sulfate
and concentrated under reduced pressure. The resulting resi-
due was purified by silica gel column chromatography (elu-
tion solvent: chloroform/methanol=97:3) to obtain 8-hy-
droxy-9-decenoic acid as shown below (870 mg, 4.55 mmol,
92%).

[Formula 52]

Furthermore, the analysis results of the obtained com-
pound were as follows.

1 NMR (400 MHz, CDCL,): & 5.83 (ddt, 1H, H-b,
J,»=17.4Hz,1],,=10.2Hz, 1, =6.8 Hz), 5.20 (br-d, 1H, H-a,
1,»=17.4 Hz), 5.09 (br-d, 1H, H-a', I ,,~10.2 Hz), 4.09 (q,
1H, H-c, 1, =), /6.8 Hz), 233 (t, 2H, H-i, 1, =73 Hz),
1.33-1.64 (m, 12H, H-d, H-e, H-f, H-g, H-h); 3C NMR (100
MHz, CDCL,): 8 179.4, 141.1, 114.7, 73.2, 36.8, 34.0, 29.1,
28.9, 25.0,24.6; FT-IR (neat): 2874, 1598, 1355, 1177, 1098,
923, 664, 555 (cm™'); HRMS (ESI-TOF) Caled for
C,,H1oN,O,[M+Na]* 467.2758, found 467.2757.

Example 4-2

Synthesis of Solid Phase-Supported Allyl TFA Ester

The synthesis steps of solid phase-supported allyl TFA
ester are shown below.

[Formula 53]
NH,

(1.0 eq.)
PyBop, DIEA
CH,Cly, 24 1

HO
OH
(1.3 eq.)

TFAA, DIEA
—_—
CH,Cl, 121

s

OH
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-continued

OTFA

Example 4-2-1
Synthesis of Solid Phase-Supported Allyl Alcohol

To a solution of 8-hydroxy-9-decenoic acid (50.0 mg,
0.268 mmol, 1.30 eq.) in dry methylene chloride (2.10 mL),
were added TentaGel-NH, resin (480 mg, 0.207 mmol, 1.00
eq., 0.43 mmol/g), PyBop (215 mg, 0.413 mmol, 2.00 eq.)
and DIEA (103 uL, 0.620 mmol, 3.00 eq.) at room tempera-
ture. The mixture was stirred for 24 hours at room tempera-
ture and filtered to remove the solid phase. The obtained solid
phase was washed with THF/H,O (1/1) (1.00 mL), MeOH
(1.00 mL), and dry CH,Cl, (1.00 mL) to obtain the solid
phase-supported allyl alcohol as shown below.

[Formula 54]

7

¢}

Furthermore, the analysis result of the obtained compound
was as follows.
FT-IR (neat): 2927, 1653, 1452, 1117, 700, 551 (cm™).

0
o)
O 0
o)
S
o7 FF
F F
¥ O
F F

(1.0 eq.)

52
Example 4-2-2

Synthesis of Solid Phase-Supported Allyl TFA Ester

w

Subsequently, the solid phase-supported allyl alcohol was
put into dry methylene chloride (2.00 mL.), and thereto were
added trifluoroacetic anhydride (287 pl., 2.07 mmol, 20.0eq.)
and diisopropylethylamine (890 uL., 5.16 mmol, 50.0 eq.).
10 The mixture was allowed to react at room temperature for 12
hours, and then the solid phase was removed, washed with
methylene chloride, and dried under reduced pressure to
thereby obtain a solid phase-supported allyl TFA ester as

15 shown below.

[Formula 55]

7

(@]
© )\
(@)

20

25
CF;

Furthermore, the analysis result of the obtained compound
was as follows.
FT-IR (neat): 2928, 1782, 1671, 1452, 1140, 704,531
(cm™).
Example 4-3
Synthesis of Solid Phase-Supported Copolymer

The synthesis steps of a solid phase-supported copolymer
are shown below.

[Formula 56]
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-continued

0 O (0.05eq.)

K/ o\) Ni(CODY, (0.08 ¢q.)
NH MeOH, 5 days

62%

(1.0eq.)

¥ 0 NH HN o

The solid phase-supported allyl TFA ester (45.0 mg, 19.4 (284 mg, 387 umol, 1.00 eq.) and a crown ether monomer
wmol, 0.0500 eq.) was allowed to react with a solution of (174 mg, 387 pmol, 1.00 eq.) in MeOH (500 pL) at room
0.IMNi(COD), in toluene (310 uLL, 31.0 umol, 0.0800 eq.) in d th i . llowed
a nitrogen atmosphere. They were allowed to react with each 65 temperature, an t. ¢ resu Flng mixture was allowed to react
other for 20 minutes, and then excess Ni(COD), solution was for 5 days to obtain a solid phase-supported copolymer as
removed. Thereto was added a solution of a 3-FDG monomer shown below (319 mg, 62%).
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Furthermore, the analysis result of the obtained compound
[Formula 57] was as follows.

o™
0 o FT-IR (neat): 3284, 2930, 1640, 1507, 1264, 1121, 959,
><Oq [ j 770 (em™)
O .
(0] O
(@]
0 10

15

Example 4-4

Removal of 3-FDG

20 Example 4-4-1

Removal with TBAI

25
The removing steps with TBAI are shown below.

[Formula 58]

0
' F
0 F TBAI .
F F CH;CN -0
NH HN 0

95°C.,24h
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To a solution of the solid phase-supported copolymer (29.1
mg) in acetonitrile CH,CN (1.00 mL) was added tetrabuty-
lammonium iodide (110 mg) at room temperature. They were
allowed to react with each other at 95 degrees for 24 hours to
obtain  3-deoxy-3-iodo-1,2,5,6-di-O-isopropylidene-a-D- 5
glucofuranose as shown below. The quantitative analysis of
this compound revealed that a 3-FDG precursor in an amount
of 0.371 mmol/g was immobilized in the solid phase-sup-
ported copolymer.

><, [
0 y K/O

o P o)
\s/ F 0
o~ Fo
F F
o NH HN
F T

(2.0eq.)

40

[Formula 59]

—0

OY
50

Furthermore, the analysis results of the obtained com-
pound were as follows.

[a],*® =20.8 (¢ 0.900, CHCL,); '"H NMR (400 MHz,
CDCl,): 8 5.98 (d, 1H, H-1, J, ,=3.4 Hz), 5.06 (d, 1H, H-3,
J;473.4 Hz), 4.56 (d, 1H, H-2, J, ,=3.4 Hz), 4.04-4.16 (m,
3H, H-5, H-6a, H-6b), 3.28 (dd, 1H, H-4, J;,=3.4 Hz, 60
J45=7.3 Hz), 4.10 (ddd, 1H, H-4, I, ,~4.8 Hz, J, s~7.7 Hz,
J,5=27.4 Hz), 4.02 (dd, 1H, H-6b, J5 4,=6.3 Hz, J;, ,~8.7
Hz), 1.51 (s, 3H, CH,), 1.42 (s, 3H, CHy,), 1.36 (s, 3H, CH,),
1.32 (s, 3H, CH,); *C NMR (100 MHz, CDCl,): & (112.7,
109.6, 104.9 anomeric, isopropylidene), 88.4, 79.7, 79.1,
67.4,34.1,27.0,26.6,26.4, 25.1; FT-IR (neat): 2987, 1373,

55

65
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1212, 1065, 845 (cm™); HRMS (ESI-TOF) Calcd for
C,H,405F [M+H]* 263.1292, found 262.1295.

Example 4-4-2
Removal with KF

The removing steps with KF are shown below.

[Formula 60]
oj
o)
0
KF (1.0 eq.) ><O
_—
CH;CN
0 95° C., 30 min F,o
crude yield 57% 0,
crude purity > 95% O;(
isolated yield

50%

To a solution of the solid phase-supported copolymer (54.5
mg, 20.2 umol, 2.00 eq.) in CH;CN (220 pl.) was added KF
(10.0 uL, 10.1 pmol, 1.00 eq., 1.0 M in H,O solution) at room
temperature. The mixture was allowed to react at 95 degrees
for 30 minutes. The solid phase was removed by filtration.
Further, the solid phase was washed with acetonitrile (1.00
mL). The filtrate was concentrated under reduced pressure
and purified by column chromatography to thereby obtain
3-deoxy-3-fluoro-1,2,5,6-di-O-isopropylidene-c.-D-gluco-
furanose (1.30 mg, 5.00 umol, 50%).

Industrial Applicability

The present invention enables efficient production of an
!8Flabeled compound. The **F-labeled compound is useful
as a probe for PET used for the diagnosis of various diseases.
Therefore, the present invention is available in the fields of
industry such as pharmaceuticals.

The present specification includes the contents described
in the specification and/or drawings of Japanese Patent Appli-
cation (No. 2010-029295) which is the basis of the priority of
the present application. Furthermore, all the publications,
patents, and patent applications cited in the present specifi-
cation are incorporated into the present specification by ref-
erence in their entirety.



US 9,073,802 B2

59

The invention claimed is:

1. A method for producing an **F-labeled compound, com-
prising:

contacting a high molecular compound with *®F~, wherein

covalently attached to the high molecular compound are
both a precursor compound to be labeled and a phase
transfer catalyst, thereby labeling the precursor com-
pund with *°F; and

separating the '|F labeled compound from the high

molecular compound.

2. The method for producing an *®F-labeled compound
according to claim 1, wherein the high molecular compound
is a high molecular compound obtained by copolymerization
of'a monomer comprising a residue of a precursor compound
to be labeled and a monomer comprising a residue of a phase
transfer catalyst.

3. The method for producing an *®F-labeled compound
according to claim 2, wherein the monomer comprising the
residue of the precursor compound to be labeled is repre-
sented by the following formula (I):

CH,—C—CH-L'-S0,—X D

wherein L' represents a linker, and X represents the residue
of'the precursor compound to be labeled; and the mono-
mer comprising the residue of the phase transfer catalyst
is represented by the following formula (II):

CH,—C—CH-1>-Y (1)

wherein I” represents a linker, and Y represents the residue
of the phase transfer catalyst.

4. The method for producing an *®F-labeled compound

according to any one of claims 1 to 3, wherein the high

molecular compound comprises structural units represented
by formulas (Ia), (Ib), (Ila), and (IIb):

(Ia)

CH,
—H—CH—
][1
Lo,
!
(ITa)
CH,
—H—CH—
1!12
}
—CH,—CH— )
L
][1
Lo,
!
(IIb)
—CH,—CH—
L
]l_lZ
}
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wherein L' and L? each represents a linker; X represents
the residue of the precursor compound to be labeled; and
Y represents the residue of the phase transfer catalyst.
5. The method for producing an '®F-labeled compound
according to claim 1, wherein the phase transfer catalyst is
1,10-diaza-4,7,13,16,21,24-hexaoxabicyclo[8.8.8 Jhexa-
cosane, 12-crown-4, 15-crown-5, 18-crown-6, benzo-12-
crown-4,benzo-15-crown-5, or benzo-18-crown-6.
6. The method for producing an *®F-labeled compound
according to claim 1, wherein the precursor compound to be
labeled is represented by formula (A) or (B):

A)
R!—CH,—0OH
(B)
RZ
CH— OH

R3

wherein R', R?, and R? each represents any group.

7. The method for producing an '®F-labeled compound
according to claim 1, wherein the '®F-labeled compound is
2-'®Ffluoro-2-deoxy-D-glucose, 2-'*F-fluoro-2-deoxy-D-
mannose, 3-'*F-fluoro-3-deoxy-D-glucose, O-(2-[**F]fluo-
roethyl)-L-tyrosine, 3'-[* *F]-fluoro-3'-deoxythymidine, 16c.-
[*®F]-fluoro-17p-estradiol, or [**F]-fluoromisonidazole.

8. A high molecular compound comprising structural units
represented by the following formulas (Ia), (Ib), (Ila), and
1Ib):

(a)

I
—C—CH—
!
L
X
(11a)
cH,
I
—C—CH—
X
Y
(Ib)
—CHZ—ﬁH—
cH
!
L
X
(ITb)
—CH,—CH—
cH
!
Y

wherein L' and L? each represents a linker; X represents a
residue of a precursor compound to be labeled with '*F;
and Y represents a residue of a phase transfer catalyst.
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9. The high molecular compound according to claim 8,
wherein the phase transfer catalyst is 1,10-diaza-4,7,13,16,
21,24-hexaoxabicyclo[8.8.8hexacosane, 12-crown-4,
15-crown-5, 18-crown-6, benzo-12-crown-4,benzo-15-
crown-5, or benzo-18-crown-6.

10. The high molecular compound according to claim 8 or
9, wherein the precursor compound to be labeled is repre-
sented by formula (A) or (B):

)
R!—CH,—OH
R ®)
R
CH—OH
R3

wherein R, R?, and R? each represents any group.
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